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(g> Process for the production of biologically active protein (a-g. TGF). 

in various therapeutic modalities. Produced by this process can be used 
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PROCESS FOR THE PRODUCTION OF BIOLOGICALLY ACTIVE PROTEIN 

duced according to theSon ^ be ^'r the SZT"^' Mmp0sJttons it TGF^ 

5 «* , "f je *e lament of cancel 3^^^*" 01 ^ heali "9 

Background of the fnvent?ty> 

Grow* .Factora «yp eaan<ftypa<t (Anzan ™ ^.TSS^lSS aTJ^T d9Si3nated 35 Transforming 
nomenclature TGF-<x and TGF-p have ^ to be bo!n ^™ ^ e264 ^ 2ea )- De^hc their oomm^ 
s ^ J«ch acting through its own unique reoe^ ™ tqf^^^^"^"^ dis,in * P"* 

5 EOF) for binding to the sam e c eI I surface ^^T^IlT^^^ W " h "P"^ 

shares sequence homologies and similar actr^^E^M a ^.lil m } ^ 77 ' 525 ^2) and which 
1082) . synthesfced as a «rar^membra TO o^^SlS^^ * (19MJ Sclence 223 - Wa- 
rn* a peptide of 50 amino add residues (DeryS^rf SSTI ^ ^ " processed 
nese^hyma. cells. TGF-a is produced and ZZ£. £ * S^f" for 

^ ,S * £0 expressed in activated macrophages anT in OuT^n- 06,1 ' in8S and human ca ™»^ 

still unclear. ^ 968 and ,n 04her "°«nal ussues. thus making its ro| e in neoplasia 

(Roberts, A.B. etal. (1983) BlocrJrr^y 5^8^ !^^ 3676 ^80) ami bovine 

25000 °- ^tcharacterSfbV^s abSto^ctt 
c^e.,^ 9ndent2r ^^ unt ^^^^to ^nerg^Vw^EGF or TGF-a to induce an- 

regulatory effects on a wide variety of both r^rmaUn^;^^^• u^Z^ **** Shwn to erfrfbit dimerous 
growth. °r m ayelfecti veryinf)iDa6aid ^ ^ m ^ e ^ V^f* U ' ate ""togenesis. cell proliferation and 

rnyoger^sis. chondrogenesis. osteogenesis^ Z^u jj^l^^'^ e * of adipogenesis. 

or .nhflrton of differentiation depending upon u^n^L^"! ' stBmJaUon <* chemcrtaxis. or induction 
^ factions of TOhJU^J Tto iTr^ 6 ' ""i* 6 PreSCnCe abs *"«> of other 
and to the repairof resultant damage. After TCF T ** °* ° r foSues to or injury 

b*m fesue. increases the expression o£S^ted^ "ST*' mfe in ,be «* S w 

bn. collagen ami several protease inhMo^an^, extracetlufar matrix formation such as ffcror,^ 

jesting it, possible ro.e ^conne^ve ^ w^t^?™??* * 

UntB now, three distinct types of TGF n* ^-.IL . i Mod - As60c - 262 - 933-941). 

rented and share X^iZTr^^JZ^TJ^^^ -functionalry 
sequence analysis. All TGF-ps are synlhesized as sZ^ T ■ ^ 6 been doned and characterized by 
deavage to produce the mor^nerioC^ Sdf £££ ^ ^ Unde ^ 

hologicaHy active forms. TGF-ps are acid^ anTh^blt TJ^ZTTJ^'" 0 ^ 
chains of 112 amino acids each. The ^rJeteami^.!^ ^'fide-linked homodimers of two polypeptide 
ore 316. 701-705). m Urine (Pe^S^TaU^j ^^"T * human (De ^ n * «■ 
Pf«s. K.etat.O^DNAS^^sho^ S^^ B !i^^^^-"-^«TGHI1^ 
acid residua. Comparison of the amino S ^ E ' Vali0n ' differtn 9 ^ a single arntao 
(1987) EM BO J. 6, 3 67«677 ; rvterouard^H ^^87^ ^ < de Mart ^ «- ^ 

03 fTen Dake . P. et al. (1988) PNA8^7l£Sfi2 < £f?- ^ ,2127 - 1 2131) and human TGF- 

mature forms about 7a80»' Wl »'£^ " toSJSS^ «^ ^ ""^ eXf " W in ^> 

teshng ^„ various therapeutic modalities. Ha^^^f^J^J 00 ™"*^"™™*^ 
bnant TGF-p whJe retaining its bioiogica, actrviry^ ^ n to recom- 
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TGF-03 contain 9 cysteine residues each at leas* *rm~ ~* u 

biological activity. » "ertiary structures and which, therefore, lacks the 

To date, the secondary and tertiary structures of TGF-n* 

Taking the complexity of thenk/9^^ ° J?L^ ^ e «*•»■*. 
^to express ^^^5^^^°^^ * »« 9«~-,y b^ e^ered expe . 
and human TGF-pi m Chinese Jimu^o^cSS ^J^^-Bantar* The expression 
in European Patent Appiications 293.7^^^. ' B ™^ re "^ lof »« SV40 

promoter Is describna 

">enc primary translation product when exposed to fte^uri™ - • ™ E P°"fen«Hisly from the mono- 

report describes the expression ofTGF-fl cDNAf^c , "f" 9 environnie «t inside the bacterial cells. Armrt^ 

When recombinant proteins are produced at ttehiljl ?- (t<»7) Tumor Ree . 22. 41hS5). ^ 

bodfes (Brems. DJJ. etal. (1985) BiochemfeS rTf^*^ * referTed to 85 '"elusion bodies or n£ 
w*in the enclosure of the ce«s untoiphl^^ 4 -^^*^ can te "^"feed as brlghtspX^^e 
■ndus™ bodes. whfc h can readity be sep^ ^^^X^"^^- <*°™ ,0 
^' na ^^atured and reduced, LnJS do^ hrf,^ PrDteinS ' COrt3in ■» recornbina^ 

fte transit ^ ^ dena J* * £2SS !STfTT^ tetoto,e ^^^^SS 

hydrophobe interactions and charge interactiorttTL. „ ^ eratomic ^^es such as hydrogen bomHno 
'"volvefonnasor, cf d^ulph^T^^ °"f"*ne containing. protetoH*£JSX 

fonrortior, ef ircbrm* intramo.ecdar an^nTe ^ £Z °" ^ ^^^pCo^d^ 

shou.d be prevents at Ieast rninirni^d or "tumeric proteins, inte^le^^^ 

Yjeld non-homogenous material, thus compS^S^ ° f " ndes, " red > '"^ectry folded Si 

ii^^SSiSi: Kfd^r^ ^-'^^nsprod^d 
closed, characterized in that IL-2 isolated fmm I J recovering recombinant mterfeuk,n-2 fli ^ « wL! 

a^erus to reform «he tfsuBide bonds. The proteins to j££%Z£ STTJ^ " ^ 

process can be aPPl^d include urokinase. 
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the denaturant fa disced in PCr^^STt^^^ denaturing it by 

9r ° W ' h f0Ct0r (PtX^) expressed j„ E coTfe S^nl^ ""H*"** form ol human pi*, 
thiol morbes and is dimerized in the presence of ^55 S-sullbnatacl dunn 9 Purification in order to pmteGt 
O^Btocbernfetry 28. 2956). ? ° f a 9 ente to active protein (Ho^e J e t^ 

S S^^*'^ 8 ^"^ art on the other hand knows 

t^- There e no certainty that anyone of the reporte^foT^ experiments am usually not repor- 

ursd proton such as TGF-fJ. Constderfng the facTmat tSI^ Zf^ S WOu,d ^ ^ with a given denal 
per cham and a number of intramolecular ^ ^V^^lt^ ^" 9 <**teL resiles 

aot^t i=a p ^^ y ^ K ^ Be ^^el^^e^ar d^fide bonds, which are required £ 

hoIog.celly active dimerfc TGF-0 from its norvnatrTf^rrl ? <tescrfted Preparation of 

Object of the invention 



<a 
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so 



66 



under various conditions in a one step procedure wEESt 9 *' !* pr0duct,on «* *e active dimer is achieved 
■nthe prior art for the refold** ofothe^^i^ * «P«lor over th. multlstep procedure* cSSS 

Detailed descr iption of the jnwnHoo 

P-lHce protem to ^din^fenT ' C ° mPriS, ' n9 SUf * H *° 9 *• 

monomelic form of said Tec 
The term TGF-B-i| te protein' fe intended to embrace TGF m rr CM _ 
h«man« animal origin, e.g. simian, murine. por^eZ^JLlt^ ^7°^ ^"^mmaiian such as 

TCP r^" 3 ^f 35 * 8 * T °F-P superfamlv ^ u ^Z^"^ m,nF ^^ n ~° Growth- 

1c? fi rC ^o; i ^ UCin9 bov^ b oT;^^'iLT 0, :"M- J - <1986) ^ *»• *»^HJ 

^;^ 9) - 7GF * 4 from embryo cr»ndreS?5L^« ^ 61 * (1987) J " Bio1 - 262 

2. 11KMig 5 ) and TGF- P 5 from ^^^^^^^Jf^f (1M8) Molecular Endocrinology 
as well as fragments and mutants of the abovT™^^" , • (1 " 0) J ' BioL Chem - 265- 1089- ioa£ 
«duded wiminmedefinifionof TO^^S^^Z^? H^" 9 ■****»• i 
proteins that relate pituitary secreOonrf^We sti^i^T '"^ ^ * ree fo ^ of feonadal 
which inhibits thedevelopmentof i»EI^?E2£EF TfT 

K£« T ,° f ™°»«* in the irKtucLToTc^aTe Proteins 

v^i^ Pen - P ' e9,C 981,6 COmp,e * °">ra°Phn a (dpp, ^i^lT^T f< f raBon >- the Script from 
V9-I (the product of the >fer»pustran^criptw^ L ^ ""^^"esis in the fly embryo) 

n^mrnalian gene (MasoT^^eTal (19^ J <>f oocytes), and Vgr-1 3 

3^31- ; Wee^. D.l_ and Metto. DA (1S3 7) kfl 5, 422^ ^iSS 

TWSXS^I?^ 701-705, human 

ID No. 1, 2 and 3, respectiveJy. ' ^" n ° ^ de ^ «* sequence Bsbng ur^ SeS 
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ting growlh of neoplastic target ceBs (Roberts. A.B. et at (1935) PNAS 82,119-123) "Bbfe^ , 
the purpose herein is dafined as either "Biological activity" for 

(a) tho cefl mtgra&on promoSng activity on normal Balh/c 3T3 fihmhi^^ 

ing the number of celts iha^r^to ^ ^ ^ by count- 

of non-treated cells. 'GF-p-tike pro tBln for a g*e n culture period as compared to the number 

(e) the acc^leratedXaL^ S^f P ? * oom * >ared to u "^«« control wounds. 

TGF-(WHce protein aa compared to^treatedS v^Hr^^ ^ 

£*» of the TGF-p-iace protetn EE S^X^t^ ^S^^ 16 
consisting of todl^lLSfi^SSSS d " ner ' Cf ° m 13 ^ b!olo 3 lcalh / acHvemo lec X 

mer. but relate, to the formation of the mr*! dSf^fl ^a™™ acid sequence) of the monc- 
aaaocialed wtth the VUoSSSS TOs^^T^™ " fc 
aton of monomers into d^nc^cLeT formatt0 ° <* disu, «Me bonds and the assocf- 

known in the art. which. i n aqueous solufcn^ ^SS^^T, " ""l™* 8 "" 1 «W«»» weO 

the respective proteh, through aiterafcnTat ^i^rfac^ J,e^ f h ?w ""ST ^ of 
Ihesolvent environment. orL scW^rfece £££!?T Z « a " B "" n9 ttles,ateof hydration, 
include urea, guankiine h«Sr^Z ^ractloa Examples of such chaotropic agents ordenaturante 

9 M. and^er^nferch^^s w^ch^^n^ * COncentratons * ™ 9 * of about 4 to about 
acW^Uon^Xao^TsS in border of 0.01 to 2 percent Also, 

basic conditions Oflg. pH 10 anEtaES *££*E£T^? - PH of about 2 to about 4 as weD as 
The tern, "refolding oondMom? rata fta S ™ n !r7^. " reS "' t m of the monomer, 

ass^a^^™^^^^^ denatured monomer is permitted to 

phate or citrate buffers can be u S JT^T^ G ^^u^^ S) ^ i ^ a ' i ™». P"~- 
hain disutfide bond formation is pmmo^ulh ™wb° * dm9 conditions intra- and interc 

redox system which P^the^^,^^^.^ rfa agent and a 

ten, may additionalry contain sujSmST redUCh ° n of ^/disumde pairs. The buffer sys- 

or ^^'^^t^^^ - -* — s^nts. 

/Mike p rotein mto me ^^mSbTwtS ^r^ 96 *? ""V* ^ *^«»*»n»™**TBF. 

.nacbvat.no. them can be noiHonic (e.g. digitonin) caBonicfe ^wnt^J ^ ^ prateins *«"*Jl 

deoxychobte) or zwitterioruc ones (e g. Jm^MeT^Z^ ZZTf ^ S ° diUm Ch ° late - eodiunl 
1-Pfopane-suKbnate (Chaps) W^c^m^^^!?^^^ ^' d °^ p ^™^ a ^ 
(Chapsofl. They are present £L ^£2SK^S° ^"^^^^^l-P^Pane^fonate 
rangeofaoto^m^Pre^ed^^tl^ 1 to espedaBy in me 

mon.o-1-propanesurfonate and ^^^wMM^Z^ 9 ^ ^ ,0 >*™°P"*#)<*™Wsm- 
prefe^d ^S^.o^idopn.p^rS^ "o* 

exan?^™^ 8 ^^^ a'S" '".^ ^ ^ ^nts are. for 

1 PeC,a " y aBcanols ^ as ethanol or isopropanoi, or lower aOtan- 
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dyfser j ne ^ phosphatkfy.inosBo.e at "n^o^L^^ Ph«P^r*.ih* phosph^ 

ox.rfized and reduced form. ^men^^thanr o 7^™ '^™ rBduCot, f0rm - ditWothreifnt in its 
andfe^uced form, and cy S ^^^d^^ P ^ a ^^r l ^ re ^ ft ^- CysBne 
of about 1 to 10 mM, wherein the molar ratio of to o*S ^ * ab0ut 1 to 100 especially 

100, espedany between 6 : 1 and 1 : 6 *"n & between 100 : 1 and 1: 

The preferred SuJfhydryl/dKHiffide redox ^v^t^ ~i 

Attemafivery. thioredcoun or aTsuifideSorr^^ aco^ZT ^ a " d 

Ch, ?.^^r^^-^^^^^ sate ^*. U*. K'.NHA Mo~ Ca^.orMn* with 
^^jenorr^udoM^^ 

trattonoflte2M. pounds at a concentration of up to 3 M. Preferred is NaCt at a concert- 

^^^^^ 

protein to buffer conditions cc^pnsinoaZl^ni^^ bjechng the denatured, monomeric form of said TGF-rWike 
the pH is about 8.0 and the temperature b a^t 4« rT tempera,Ure <* *b°"t 0°C to about 37«C. PreTrab^ 

1 :1 to1 : 2, and the weak detergent is 3^^^^" ^ ^ °* ^ ° XKfced Md ^ "*uced forrr^ 
centration of about 30 mM to ^^^^ ' ^^^^^^^^o^^o^ ata ™* 

mcuteted 16,2 to 400 hours at 4-C white refoidbg and^^JL^'" 9 the re3 *'°" fe 

cantofon during the refdidino reaction is ofcor^era^e ^^Z "*» ^ ^ «»° tei " «*- 

yetds of dtmerie product are increased, if the pltein conce^utton £^ ^er-order oDgomers. Final 
range of 0.01 to 0.5 mgMH is preferred concentration * teas than about 2 mg/mt. a concentration 

or Fe^, misnt be a(Wed to ifJl^n^^^^ T?"* 

be necessary to conduct the oxidation of sulfhvdrvl n™^!,^ am0unt wh,ch at minimum w3l 

approximate* e<|uivalent to me oar^^o^^JZ^J^J T*" PBriod and which is 

^dtobeirrvorvedinf^ 

Furthermore. G 2 or air may optionally be bub^^^^l^"^^ befween °-<» *° 100 uM. 

refolding conditions, the protection groups are remove^hl^ 1^ res.dueaasS-suffonates. Under 
and d&nenzafon occurs sportaneousry ° »l%*yWisurfide redox system 

(a) culturing a microbial host corryxteinoa nur^l P™* 3 ""* steps of: 

— .—.SKStSSSS SSL—. ... 
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ccrfi or BscHlus subfflb. 

Microbial hosts comprising a nucleotide sequence encodino the TGF-nj,t ,- , ^ - 

reading frame to an expression control sequence can be3r^b°J^ fSZ" to the ""^ 

well known l„ the art »m w hfch corr*riseiL st^f V recombmanl DNA techniques which are 

- preparing a hybrid vector comprising a DMA sequence oncodinn «« tv-c-ajt. 

ression control of a suitable express^, control se^T^ TGF-0-Iike protem under the exp- 

- transforming said microbial host wBh said hybrid vector 'and 
^^S^ ned ****** hos« ceB, from ^transformed host cells. 

are JS^ESTHl^ 

12127-12131 ; Ten Dflke, P. Jt^Sv^^^TT^ * ^ 09875 J " BtoL Chem - 2 ^ 

HsdenvaevepPUfc.Sufeb.e vectors ^^^^cZ^^^^^^^ 22 ^ 
the selection and Identification of the mfcrnom^^Z, and a marker gene, which renders possible. 

pnenotyD8 feature. Suifaht a n»ri^^ nn « : ti 

by the expression ptasmkte by means of a 
als. BrmWoocssuch as ^^^Z^llZ^*"^ * reXam t*°> «° heavy „,*. 

oter^rmoreTeXse ^TJrl^^Z^^ ' PP ^ 

^ecTgln^ri^^^ Lt^*??'"* ^P— or** and a 
chromosomal autonomously r^i ra tij^ r ^^^ r ^"^ y ^' r ^'^^ n «" example the 

after transformation and are S^SSSS'Z^t ^T^ST^ *■ yeasl 060 
ences homologous to me yea E T 2 u pla^d^ES 2^ TS^^ ftat Contai " se °"" 

bination in2 u plasmids already present within rH»^L o ^ VSCt0ra *"> by recom- 

yeast ana that ^par, anJZc n^L^« T t^w^T^"- ^ fOF 

ants, genes that complement the host lesions. CcJ^S™ ' * e rase <* auxotrophic yeast mut- 

Ophonally, signal sequences which allow ths secret the^l^^l ™ B k , „ „ 
re9skmvector.SuitahIesmnaIseouenM.< ; ar^»„ ^ . " "f 1 ^"-iWike protem can be Included in the exp- 
Invertase gene. sequences are e.g. denved from the yeast acid phosphatase (PHOS) or the yea* 

The transformed microbial hosts are cultured in a im.riH rr>«^. - 
nitrogen and morgan*^ 

various carbon sources are usable Fvnrnnu* of ^r«^~ i . 

such as g ,ucose. maHose. fac^Tan at^r^sXT^^ 

used either alone or in suitable mixtures. SubHp n^l^ 83 aodium acetate, which can be 

ca^rnino acids. wM es and p^^teSS 

racte. furthermore yeaet extract, mait extract JL i P roducls - as tryptone, peptone or meat ext- 
•^^P^nHratw^ 

be used include, for example, sulphates tto^j£Z£jZ ,nor3anic 88115 may 

nesium and caelum. AddX^y.^,^^^^^^^"^ sodium, potassium, mag- 
stancea which promote growth ^.de^a^^^menT TJT™ Sue- 
like, or individual amino adds example, trace elements, such as Ton, zinc, manganese a^j the 
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temperatures as described before.^ s^uS lon^ ^ of about 4 to 9 M, basic pH or elated ' 

chromatography purified and used for re^dTnq to «2£^S « n *f ^n. The solubilized monomer fe 

AfterrefoKfing, tf* biological* active dSSSSw £ o^ ^ ^ < * merf0 PTOduct 

or other endotoxins which might be present in SKISSSf • ° ""T" imPUrife3 " in P^^. Pyrogens 
rnfcrobiaf host cells. Separation of the dTmeT Zo^^Z^T^ " ^"inanf » ,„ 

chromatography, hydrophobic interaction chZTtoL^ »y dtfOmatography such as Sfelng gel 

S column and reverse phase HPLC. ° r ,on -»*->oe chromatography, e.g. on a IcZ 

The present invention further relates to dimerie r*m<v,i«,ih, T 
^rdino to tha prac8as of the invention. T^^^S^l T^** prota ' nS ^ P"*"~d 
™°d*toes. ^** e P"**'" 3 can be used in a variety of therapeutic 

protein, which can be produced by 
pounds, which can be used for the product Z Z ZZZ 7 ^t"*™ T «=-M"ke osteins 

are novel com- 

The present invention concerns further a ph^^LfT^ <S T nC TGF -Wike proteins, 
a d.meric biotogicafly active TGF-fWite proLC^^c^7°t^ """P*** a " Active amount of 
acceptable salt thereof i„ dosage unit form. accord,ng to the invention, or a pharmaceutical!/ 

^bly «otonic aqueous sotutions or suspend St r^''^^^^^^ 
lyophDised preparations which contain the l^Z^nt 2 f^T* "*» use - example from 
able carrier. Solutions for parenteral use are t^ylo^^^r " 3 ^^euticatty accept- 

or a ^conto,„ lna ddm M to ma ac^ 

dbumm. amino adds, such as arginine or gly^aTd aS^f , such 33 huma " «rum 

hvdroxyethyt starch. The pH may be m^S^^^St^t*T ma ""°~. dextran or 

about 4.5 to 7. UsuatV the viate are mj^ ,Z 7j££Z£ VItT^'**"** ° r ™ ^ ac " * 

The compositions contain conventional adjunct foTe^f^ edf0r,o "9 ersto ^e. 
and/or emulsifiers. sotobBis*,*, sa .ts for reguteZTme ^sn^ " res< ^^ stabilisers, wetting agents 
maceutical compositions, which may. ff JZS^Sn IZ£ a " dtor """^ ^"" e Preset phar! 

produced in a manner known per se for S^** PnarmacologicaJ^ valuable substances! are 
and/or stertfeing processes. ^c^f^^^T^^ dfeSOMn * 
10 ng to 10 ^ * prepara|jon( and „ ^ ^e^l^?^^ Z^^^ ^ proximately 

The TGF-fWike proteins are dual in character *Z«5£. ^ ' ° rlta acb ' VE 
certain cea types. ^y^t^^^^^ZZZ 0 "^ of 
tumor cells and cells of the immune system. "hiba the proDferatfon of other cell types, namely 

The dimerie, bioJogicaffv active TftP (un n ~ , . 
*m> or. ^rsalts. such as in parUcuia^^^ optional in the 

"^"»c^ formulations, are applied in an effe^e^T^^ ° pDooa ">' in f °™ of phar- 

amount wruch exerts a signified healing, e.g. ^J^^Jl^,^ amou «t" * '"tended an 
b not toxic lo norma. ceUs. This amountlan L ^EST ^ J**** 1 to grow and which 

If 1^*" PTOtein3 > » "effective JS?aT^^^ , ! Wtt, ^ Per ' mente - ^ to the dual 
fl^wth and proliferation of tumour cells and cells omel^-^^'t " a ' 9nificanl '"hibite the 
a* amount has to be adjusted to the parttcuiar^rtoT^^^" I^ man «" veterinary use is intended, 
d^ a„d the age and genen*. 00^^^ ^tTj^ & "W^n. me seventy of the 
dosages for aduJt humans wfll be in the range Ta^tTm^Tt ^0"*' eithersi "9 le <» 
inhibiting effect aoout 0.01 to 20 ug for both the growth stimulating and the 
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wound heaOng process 



Is slower and this group of patients lends tr, „ k;„k-T- -T « ae «y people the wound healing process 
and th>d deor^Vur^^ 

(including incisions, pe^tratioTl^SSdSl^ ^ S?" n, * B SW9Wy> : «**»«« wounds 
in B thoJinducediS ^S^^n^^TH^^ """P*^**"*! wounds (indud- 
Ingredients, ouch as ^S^Sf sohfbB^,^^ ^ ^ ^ rnposibon3 ™W te combined with other 

maceufically and physiologically acceptable fcr a*Tr,:r~,,„> J? except that they must be phar- 

to surface ulcers. ^sS^^^^^^^-r"^' 0 " 2 ^ inventi0 ° applied 

ere nolbnaatfona^ to «hc typ^3£™ JT^** 5 " " ^"'^ there 
surgfcat incisions to ths b^J^ZT^t- b^^l ^ dtho "™*" te (»»*•» notlWM to) deep 
othar intesuna. ulcers. When S S ^corr^^ 6 : <*odena. and 

liquids, pais, tablets, lozenges J^ ^^! ""T^sAo™ of the .mention may be formulated as 
mem of tntema. 

w^aphysWctfcaHy accept tTJSSZS ****** ' m "".WnaBon 

bined with other mgredtente^ch aHdTiante ^ ' e "te°f^cc«r^ition S niay be corn- 
unknown, s^darygrowth ^C, 2^ ^ a3ents ^ any other known, or as yet 
mey be rf-ESJSS^^ '"Stents except^. 

s^ord^amourao^tra^Cto^^ 

nificam healing effect For interna! u»J a k^hJ-T _T . protein per 1 cm 2 of wound has already a sJo- 

d Ue ".he i ft ;rrss:r3 ar ^ 

in mammae oe„ cu,^ or as a bone ^^^TZ^r^^^^T ^ 
Examples 

Th* following examples iHustr^e the invention without being meant to he lur,,^ 
Example 1 : Cloning and seque ncing, of TGF-B1, TGF-02 and TGF-ft3 rf>KiA 



A. Collaring of cells 



Human gJiomaceDs from the line (deMuralt B etaJ risasi F,,r i ~ 

are grown in tissue culture flasks ( Falcon ttm '3^r^!lr ( 3 r * * Cam:ar a?n - G>ncoJ. 21 , 207) 
and 10% foetal caJf^rl ( 3 Du,becco ' s Modffied Eagle Medium (DMEM, Gibco) 

B. RNA extraction 

1 * 10*c^ from the 0-215 human giioma ce„ Une are harvested and Dounce homogenize* in 30 m. 5% 
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mmfor 30 minutes at 4-C In a SorvaD RclTc^t^^"^ »**™** * centrifuge at 
natant » discarded and me pellet is resuspended in m ™^ ^ rotor - ™ e lupar- 

ZS-OOOunitsn Heparin (Sigma,. an<f ^ ^ ^l^"^^ 5 '' 5 "** ^A. WSdJ 

cons^tng of 24 parts chloroform and 1 par, °^ (1 : ^ chloroform 

sodwm acetate (pH 5.0) end 2.5 v^esetteno^^^ Jl *"* atJUeous P»«* 1 vohjme3 M 

latedRNA a «olated by OfgcwTT cellulose chrom^wraD^ 1"? EDTA - 005% SDS. Polyadeny- 

A Laboratory Manual. Cold Spring Harbor ^£2^2 ^ ^5 



C. Synthesis of cDNA 



is 
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The first strand cDNA ts synthesizeH frnm «n r , 
^(PH^.SOrnMKQ.IO^g^ 

and rJTTP. SO units RNase inhibitor ff^c^S^^!^ 1 * 1 * 1 mM each ^P. dG™ 
^f^^ The fe " hl^a^^^J^ 1 ^ virus reverse trarajp! 

second strand buffer containing 20 mM TRIS/HOG* ™ Sr^'J^^ 0 " * 0,80 to 400 »U wrtha 

co-BRL) am added and the action -ixture feTcTted^ unte RNaseH (Gib- 

<^ S jninutes and 125 units of E. coll DNA £ Iy ^ ,7^*? reacfon - cooled 

TRJS/Ha (pH 8.0), 0.1 mM EDTA, 80 uM adera^ lh " le,,bat ' n 9 ^1 hourat 37°Cin 100 ^1 50 mM 
Biolabs). The reaction mixture te I v^ht^,T™ ^ 40 EcoRf ^thyiase (New Errand 
dissolved in sterfle water as desrtb22£T ' "^^^ and «- ^ * ethTno. prUaJsRE 

adEP^ 

acetate. 0.5 mM DTT and 0.1 mM each dATP dGTP dCTP 1 "^f° taSSmm acetate - 1°mM magnesium 
perature andthen 20 units ^f^Pt^S^S^^^ 7 ^?^ « cooled to room tenT 
temperature and S minutes on Ice. After aVdl^gTo S^I^lnxf * InCUba!ed for 5 -ninutes at room 

exacted and the cDNA is ethano, pr^pfc^ ar^oLd f^JT^"^ b P^chloroform 

12-mer synthetic 5»-phosphorvlated lint^ /m ^- . 810018 water 28 described above. 
JtOO M. of a solution c^tain*^ 

1^ TJ° m,nUteS ' ,he reacUo " fe <**«l «o 500 »J in 10 r£ K^^T* then heat ™^ed at 
and is digested with 1000 units of EcoRI (BoehrinoVrt w^. (P " 7 " 5 >- 6 m M M 9 a 3 . 100 mM NaO 

fte^on mixture ^ ate dat7C^7o^^ 

A15M column (20XM00 mesh. Bio-Rad) to removeih e M^vV^ ^^'^y^atoaBio^el 
elutes in the elusion volume. * monomer linker fragments. cDNA of more than 300 bp 



D. Caoning into lambda ff ni 
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Phosphatase from Boehringer Mannheim as desert loS^J^^ 1 """ of Ca,f Inte ^ AH^Iir^ 
coprecpitated in ethanol wKh 1 uoo f gt!11 deptaSbSlSSrS ^ ^Bio^eiAISM column are 
tam.ng 50 mM re .Sn4C. (pH 7.8). 10 mM MgcSnKr? T^rp B8 ^f^. 9d ^ ^ ^ °f - ^Bon con- 
and 20O units of T4 DNA l^ase. The liga^^re " incuL^J^J^L 5% P ° !yeth * ene ^ (MW6000) 
cmritugad for 10 minutes and the peHeTis n^^TS of^^l? ^ reacCon * 
3 f^urs at room temperature according to the supS^^, o^ J^^ m ^>^3^ for 
50 mMTRIS/HQ (pH 7^), 100 mM Nad. 100 mM MosTa^o of^ pha 9° di!utio " buffer containing 

25 ui of chloroform. A total of 500.000 phao« aTlm^^n^l 9e ' ahne 316 ^ stabifeed wift 

roso-VT (Sigma) wth E. coli Y 1 090 ^ d^^^ ^Zf^ ^ T ™° 07% ^ 

l^ounfl. R- and Davis, a (1983) PNAS B0, 1194). 
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E -Scraening and selection of clones containing TGFHH. TGF-P2 and TGF -B3 inserts 

Six replica nylon filters (Cuno) are made from each of the 10 YT-ptetes and the phages on the latere are 
denaU^U, 0.5 M NaOH. 1.5 M Nad and neutralised as described in ^ecuJcic^ ^1^^ 
Mamiar (T. Manialis, Cold Spring Harbour Laboratory. New York. 1982). The filters are placed in 0.2 x SSC 
t^tV™ 1 5 m, ' nUteS and »"*> P-*"*"*- for 4 hours at «-C in 2 x SSC. V^D^ o1% 2S' 
0.1% polyvinylpyrrolidone. 0.1% bovine serum albumin. SO mM NaPO, (pH 6.8). 50 ug/rrd denatured salmon' 
sperm iDNM. 1 ug/mJ oiigo A 12-18 and 1 0 ug/m. pdy A- RNA. Each cX 6 replicas fe^^^veS 
at 45«C ,n the prohybridlzation buffer to which one out of six different -P-.abe.led 39 bptE^eTbS 
to a concentration of 2 x 10Scpm/ml had been added. p°..gomers (see below) 

c^Z^^f^Z^ hybridiZSl ^'r ! Synthesize<1 °" ^Applied Biosystem DMA Synthesizer and 
correspondtothe nucteobde sequence encoding either the first amino acids {ofigomers 1.3 and 5) or the last 
amnoa^ofig^ 

(see SEQ ID No. 2) and TGF-83 {see SEQ ID Mo. 3), respectively. i), ifc.F-02 

The two oligomers used for the detection of TGF-J31 sequences are - 

1) 5' GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACQ GAG AAG 3' 

2) 5' TCA GCT GCA CTT GCA GGA GCG CAC GAT CAT GTT GGA CAG 3' 
The two oligomers used for the detection of TGF-f32 sequences are - 

3) 5' GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 3' 

4) 5' TTA GCT GCA TTT GCA AGA CTT TAG AAT CAT ATT AGA AAG 3' 
The two oligomers used for the detection of TGF-B3 sequences are • 

5) 5- GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 3- 
G) 5' TCA GCT ACA TTT ACA AGA CTT CAC CAC CAT GTT GGA GAG 3' 

T£ bu * er — **** 103 mM potassium cacodylate (pH 7.2). 2 mM Cod 2 and 0 2mM^TTfar 

^Il^kl h8 react!on ^efeselfiltratedovera Saphadex G-50 Juma The duted fabeLd dfaoL^ 
are heated at 95-C for 5 minutes and added to the prerrybridizaBon buffer as deserting™* 

Tne replcas 1 to 6 are hybridized with oligomers 1 to 6. respectively After hvbfbfization th~ filter Dm 

are KJertfedr^ autoradiography and are rescreened by repealing the procedure given aboveTl all oTml 
^T°" e **** P 05 ^" A s, "S' e P"-n- -Medial mi of SM phage dilution ^r (see 
^•IZnvZ^^, 40 L^— Y 109 ° 0608 * e kept lor^inu^ ™ £^££ 

a^^7^ C fL a ^ a9 , eS , B ^l ed to100ml VTnnedium containing 0.2% maitose and inclbaTd 
at 37-C lor 7 hours. After adding 1 ml chloroform to the lyaed cells, the phage DMA is purified aecariim *>thl 
S^!? '""Motecu.araoning : A Laboratory ^aPrr'. U^^SSS^S^ 

SStt^^ m 8 VOlUroe ° f1mlwittlEcoR ' ^0^9 the recommendations of the «£p£ 
^ ^I^^ 6 rcacton 13 rtendlichtomlonn extracted and ethanol precipitated. The EcoRI cDNA 
mserfa ; are punfied by gel electrophoresis (Ultrapure BRL) using NA-45 DEAE paper ?Schl««^an?Sd^ 
The ONAeetuted in 50 mM TR.S/Hd (pH 7.5). 5 mM EDTA. 1 M MaCI. ^^/ch^oT<W^r^"nd^ZS 
7^1 HE eJtT^ PeBetfewaShed *** wim 70% ethano. and ^suspended ,n *Z£^aw 



F. Sequencing of cDNA Inserts 



firrnlTL d^f^^T Sut ! c,oned ,nto Bl^-^ript KS* Verier (Stratagene). The cDNA identity is con- 
fernd* double-stranded sequencing according to the method described by F. Sanger et at (1977) p££s 
74. 5463 usmg the above oligomers (see section 1£) and a Sequenase kit (ui. B^e^^The TnucleoJdt 

i^^csr" adds * tUB ^ tgf ^- ™** a " ^ 3^ 

G. Amptrcation of cDNA inserts and subdoninq into piasmid PGem-S 

^ T *TJ!5r'^f n,erS (S6e 6ecB ° n 1E > ^ W««WhB TGF-61. TGF-§2 and TGF-63 sequences are used 
*TX »^l^^° 0d ^ thematUre 1 " amino acids forms^duding thes^cX^ 
The EcoRI cDNA inserts of the Huescript KS- ptesmids (see section 1 JF) are gel purified as described 
above (see secbon 1 .E). 50 ng of each cDNA insert are amplified in the preserve off x zToTth^reScSe 
two oligomers by a polymerase chain reaction in a 100 pi reaction mixture containing lO mMTO.^cT^H 

11 
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SiSSS^ dGTP 
under the following ternperafcires ST a Tp!^ "^^ ) -^ rou ' ldsof amplification m^f^i 
minutes. XS^ZZZ*'"* Heath * Bl «*= ^oTSi^™ 

«ny«9 the coned inserts encoding TGF*1 tSSS^S?" — Y 1 090 06,18 ^ sample 2) Gooes 

6gali2:B TO ,i 0 „ rtrr . B .„, m| „... 1 _ rjuj!ij ^ it 
A. General methods 
Bacterial strain (E. coB : 

Rasmids : 

PPLMu: (8"eB.G. e taL(1 9 8 5 )Nuc. e ;cAci t teRes.13 1923.193m , - 

*Pi promoter with the phase Mu Tft,s .^«™dc am esi ne bacteriophage 

Virology 123. 19-28). ~ * OSOme btmr,n 9 »«» (Van Lesrdam. E. et (198?) 

Pa«s7: Plasmid encoding a thermnfaKa= 

W^E-SSflJIS^ ^ 1 J— and confe^ resist to fc^,, 

SDS gel-electrophoresis : 

35 Heal induction 

7 ml of LB-Medium (Maniatfe et af HOft^ n^i , „. 

sintfe colony and incubated win sha^L, o^SIc^ 5 ^"7^ -e moSaL^^i 

Of LB/ampton fn a 100 ml ErlenmeyerUalk. ThfelaskifS^ l"" 8 ° VemisW are added to 15 m. 

* taken before transfer (non-lnductng oondBdwjS M Tr^^T^ 3 42 °° "*•»«»■» shaker. A 2 ml sampte 
,ns ^^"3). Cells are b^^Son (5 ^ n ^ at1 intervals afiar the ^ 

supernatant rs discarded. The pefleffe !f 30 Eppendorf and £ 

io min at 9S-C. 5 ^ aGquote are loaded far SDS-PAGE * bufforfcr SDS^AGE and heated for 

Preparation of competent cells - 

^•S?^ as descry. - m ^ „ „. 

a,3tW: - »ry. New York. Cells carrymfi PJasmfd pcfe are grown 

Nude* Acids Research 7. 1513. 5 ug of plasmid^l™ ^ * BirnboJm - H.C. and Doly. H. (1979, 

44 
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at 13.000 8 far 15 mm in a SS34 rotor in a 2^°^^"^^^^^^^ 
resuspended meopi 0.069 m tr.s b^. o.o^bTnc^^rT^^" 1 b disca " ted tte peJfet is 

£e L^f ^ ^ 0 5 MS/ml ethtdium bromide SS^lTa f ^""^^ through a 1% Agarose 
the bottom of the 10 an long and 0.8 cm thick o^^Tr^.f „ ® bron 'Phenol blue marker reaches 

» containing 1 unit of ONA Ggase (Btoehringer) m M MgCfc, 5 mM DTT, 0.1 mM ederiosine-^riphosphat^ 

are added and the cutture is shaken for 60 rnTn a^c ™ ,7° 01 ° 42 ° C ^^- ^^mSZ 
-W" ^and tensmycin and incubated M^^^^T *"* ° n 13 * 8tes 

"ar weight of approximately 12.000 D. 2 hQ ^ after heat mductit*, mig^g wiln ^ 

C. Fermentation of transfonnants 

affr^ to 12 °° " a " ^ "aterbath and thToel/Lare IL^^ 3 " 11 majbated ^3 hours. The 

at e.000 rpm In a GSA rotor (Sorva!?). cells are collected after eentrrftjgation for 1 0 minutes 

The coding sequences of mature TGF-Q-j TGF-B2 and Trcjw 

under the centre, of the inducible pJ^«*T^£^ Ft?**" §2£E^H"2I !! yc e£ « r «vt 

The expression vectors are cor.structed in i^ ^T Phosphatase (PHOsf 

A. construction of ptasmid PJDB207/PH05-RJT 12, ' 



50 
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A- Construction of nl^m^ p 'pPTfTfVH fry; filT 



12 



q^i "fT? P31R,T 12 paten! appfeaffon EP 277 ^ - r - 

Sal L Partia! HEncflli dfcesfion fn ^ pre^^^^^^ 3) * l ' neari2ed ^ restriction endonticfease 

" Seft 15 referred to as PJDB207/PH05-RIT 
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B. Construction of ptesrnid pJDB207R/PH0S-TGF-p2 

centrahon of 25 M g/mi. The fragment contains the mature coding sequence ofTGF-ft? *ZZ??-^ 

to codon GCT which defines amino acid Ala 1 of mature TGF-H TBF * 2 *" ATG "* fiame 

In an analogous manner, mature TGF-S1 and TGF-B3 are prnrra^ ta c ™ - . 

taining the coding sequences of TGF-01 and TGF 433 , uSS^S^^W^^ C °"" 
1.G). After digestion of these ptesmtds w("h Nctf ad^o^^! .^^f 1 ^! P *f Mlr (See eXamp,e 
are a^d S3,,. The E^^SrX^JS^ 

The resufcng ptasm-ds are referred to as pJD8207r^PHO5-TGF^1 and NDBwJKSSS^ 

C. Transformation of S. cerevisiae strain GRF1S 

.aSSS^^ ^ hb " 15 ' ^!S&»2^ DSM 36S5) is 

PJDB2G7R/PH05-TGF-P1 
pJ DB207R/PH D5-TG F-£2 
pJDB207R/PH05-TGF-£3 

usmgtf, e transforrnafjon protocol described by Hinnen, A. etaL (1978) PNAS 75. 1929 

Ce ^ SelGCted °° mfn5maI Piates defldem fa ^dna. 

Single tra reformed yeast colonies are isolated and referred to as 

Saccharorrt ycas cerevisiae GRF1 8/pJDB207R/PH05-TGF-f31 

Saccharorn yces cerevisiae GRF18/pJDB207R/PHQ5-TGF-p2 and 

Saccharom yces cerevtefae GRF1 a/pJDB207R/PH05-TQF-£3. 

D. Fermentaiion of S. cerevisi ae transform ants and preparation of cefl 

The yeast transformants, as mentioned above, contain ptasmids with PHQ5 Dromoter-contrmi^ o 

Example 4 : Production of dt mertc, bfatoqfcaHy actrve TGF-B1, TGF-E2 and TGF-f 3 

The procedures grven befowfbrthe prodLKlran of dtmeric, biolc<DcaBv active TGPlr^ <~>r> ~r a- 
^ thereof of dimeric. ^fcaily TGF-pi. TG^^^S^^^ 



14 



EP 0 433 225 A1 



A. Recovery of non-soluble, monomelic TGT-fl2 from E. cofi 

EL cdi LC 137/pPLMu JiTGI^2 ceOs are fermented as described En example 2.C. Cefl disruption and recov- 
ery of non-SOiubie TGF-02 te parfbtmed at 4<>C. About 18 q of wet cells Z» * ,«r^^ ^^flx ~ 
TRIS/HCI, 10 mM EDTA. 1 mM PMSF (PhenyI Methan S^p^To^^ 

^™ ^ ™ 18 ?° U9ht to200m,wiH,the Option buffer. The suspension Is centrifuge* for Mm£ 
at 15^000 g. The peDet obtained is suspended in 100 m! disruption buffer conSning 1 MNaa^clnlr^ 
lor 10 mm as above. The peSat is suspended in 100 ml disruption buffer cortaMnp 1% Triton X- imT^S 

^^^^ 

B. Solubilization and purification of monomeric TGF-B2 

10 ml of the TGF-/S2 suspension obtained according to example 4.A or 4 C are acidified with kw =^1. 
add to pH 2* centrifuge* in an Eppendorf canw£ for 1 0 „Sn ^ Tsupe^S 
iT^ 3 ' 09 ^, ™ ^ Sephacryi S-100 column (Pharmacia. 2.6 x 78 cm) in iSSKf J aXSof 
UfT'- ^ Chr0mat ° Sra ^ ^ «* P^—d on Sephacryl S-100 HR ^na^andlht 

coh^ can be run .n 1% acetic acid or 5 mM HQ, respectively.) Fracrjore containing rnL^Z^^ 
TGF-P2 eluting between 1 90 min and 220 rnin are pooled. This material is used for JoZT^twS 
acbve. d.mencTGF-02 (examples 4.G.J.K.L) or for further purification for struck ^S^ 9 ^^ 

C. Recovery of mono meric TGF-B2 from Saccharomycea cerevisiae 

ThepsOetof broken cells obtained from a 500 ml fermentation performed as described in examole 3 D fe 

Se^h" fj^-J^r^ °T 1 M TRIS - 1% DTr ' " H 80 - ™* -^re is kept a^mJ^Zt for ^ 
rmnutes wrth mtermtfant vortexmg every 5 minutes. Insoluble material is removed by centrifuq^o^O'MOn 
forSOrmoutesat^C and the supernatant* adjusted topH 2.5 with ^^M^SSSS^SSt 
^ VHS^ fe centrifuged as above and the d aar JS^2^S 

by ultrafiltration on a YM 1 0 membrane (Am icon) to a final volume of4ml The samcle fewImZ^L 
on Sephacry, S -1 00 HR (Pharmacia, in „ acetic acid as described XZ^^tZZS^ 

D. Further purification of monomeric TGF-P2 by RP-HPLC 

214-fSs PO ° ,ed ^° li0nS *° m ffi9 Seph3Cryl S - 1D0 co!u ™ ^Pte «) *e purified on a Vydac 
r^hZf^ m]U ™ (4 6 x150n ^ The Separations Group. Hespena CA. USA) The 

column ts equilibrated In a mixture of 70% TFA 0.1% in water and 30% TFA 0 or^ Im =3^,U ~T* " e 
duct « e.ut«d by a linear gradient over 30 mln ending with 

0.08% in acetorritrile at a flew rate of 1 ml/min. The eluate is monitored for a^^ZJ^ZT^ « 

^^Tetirr^ 

ing on the individual column used retention times of 29 min and 29.9 ^ rZ^v Z^Z " 
TGF-82 is analyzed after admixture of chemically reduced naturaT^rc^T^^^S^Cf ' ^ 
^.Oxford. UrO which ha, an idenfical primary structure JnESEESKSK 
J. BoL Cnem. 262. 12127-12131). The mixture elutes aa a single peak oonfci^ft.'SSl £ ^ffl 

E. Analysis of rnonomeric TGF-ft2 by SDS-PAGE 

4 a " qU ° te ° f *T Sepnacryl S-100 column (example 43) or the reverse phase column (example 

4£) are dried m vacuo and analysed by SDS-PAGE (LSmmlL UX. (1970) Nature 227^^5.1^^ 

1Z0O0 D e obtamed wheh e .ndsbngushabte from reduced natural porcine TGF-02. 
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The N-terminal amino acid sequence is: 

Al a -^ u - As p- Ala _ Ala _ Tyr _ x _ phe _ Arg _^ n _ Vai _ GinA ^_ As ^^^ 

X-Leu-Arg-Pro 

Whe S^l e 1^L an amin0 ^ n0t P° si ^'y identified. 

amflarty, the N-termtnal amino acid sequence fe dPt«r™„^ t„ .u . . 

The K-terminal amino acid sequence is; 
cy S -i.eu- Arg -p ro - teu _ ryr _ Ile _ Asp _ piie _^ Arg _ Asp _ Leu _ 

P enera *™ trf dimef fc biolo ntcairy active TCF-g ? 

3 mg of monomeric denatured trpjii «^ 

1M NaC,. 5mM EDTA, 2 mM ^XL^ T m t^ «~ d * ™> -* « - Tris/HCI pH 8.0. 

, T" at <" C 'ha PH of the Jution is^^^^^f^^f ^ Chaps (C^ochem). 
tames by ultrafiltration on a YM 10 membrane (AnW^Te"^ ^ " 10 

certrated solution fe diluted to the original volume^' Sl^ ^ *" Amioon ~»- The con- 
by the same method. The precipitate formed fe^™ J 2 ? * " oon «**«» to a final volume of 10 ml 
"^-tainsdisumda^^^ 

b^og.cal activity of the preparation is measured byVe ceDm^tT ^ non - re *'<*>9 conditions. The 
cell growth inhibition assay (example 5B) mi 3ra&on and growth assay (example &A) and the 

USed ^i^ derivative (example 4 . M) fe 

example with the exception of the sodium ,cmZuTJ? a PP**y essenfcajy the procedure described in mis 
dbneric TGF- P2 is formed S^SS, 31 0nd 
monomeric protein (example 4.H and 4.1) riC TGf ^ 2 Serrated from the underivatfeed 

4.0) and 15% buffer B (buffer A containing 1 M JSL ^ !° dfu ' n a „ Ce,ate - ^ feopropanol. P H 

•ate keeping the buffer mixture composL, extern a^t f^^T" WaShed at the 

basefine leveU Mowed by a nnear gradient Si l^Tf ,•"»*» 31 280 001 has cached 
tons and ending with a mixture of 50% bunTZ^^t^Z^^'*?? " e ^ i,ibration «ndi- 
mlrtutes after the start of the nradiertf »,h J^^T ^. Dmenc b»toflically active TGF-82 is eluted 9 

faobon. AddiHonaly. no « TGF-02 was dJ^ Z SS^S^ ^ * ^ 

oy outage rn the dimenc TGF-02 peak eluted 
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from Ihe column by the salt gradient 
I. Further purification of dim eric TGF-ft ? 



tire of 80% TFA 0.1% in Water mid 20% TFA Oj^ZIZZZTT™?'* "^-^Oa, 

over 40 mm starting upon injection at the eouBibrator ?J££^J%Z*^ * a «"**" gradient 

in water ana 40% TFA 0.08% in acetonftn.e ala^ rateTl 2^ E*"? W,th 3 mWure * ™ 

non reducing conditions revealed a single sham IwnrtTf -T ^^liy. SDS-PAGE analysis uncter 

obtained dtmencTGF-B2 is of high pu«? ^ ^ * apparent ""*»** ™m of about 25 kD xVe 

Monomeric TGF-02 from example 4.8 is dissolve =* => ~- . . 
(*ate. pH 8.0. 2M MaCJ, 5 mM EDTA. 2.5 mM^^^ ^T^" ^ ° ' ^ " 50 mM sodium PtK>S - 
300 hours at 4~C the pH is adjusted ,o ^B^T^ ^V^T Chaps «M-ochS - 

grade 40 urn. Analyse™ International. HarJ C.ty^£J? ^TT' « (P^parativa 

eceion.Me and 0.1% TFA in water, is added and ttamhhmh ^ ^quentiaBy with 0.1% TFA in 
Tnege. fe Ktered over a glass frit covered wtoSTp^^ 9 ^ T** 30 temperature, 
^folding solution). The gel is washed first ^(5^^^^^°" V 2 ° % ^ added to the 

ftenwKham«t U reof80%b U fferA a mt20%buiL^^ 

of 70% buffer A and 30% buffer B. The etuate is »SSi3j 2 T^I^^^^^ 

Alternatively, aoetonitrile in buffer A and buflw b 1! , 4H and ««P«rt!vcIy. 
elution of TGF-P2 is replaced ^^^^r^'T^^ 1 " 3 «»SW C-1 gel and 
10% buffers and etution of TGF-p 2 teSeS^fl P 6 " 0 ™** with a °f 90% buffer A and 

mixture of 80% buffer A and 20% t^J^^ZZj^Z?^"' (Steps ^ ^B) aartujwia 
procedure is as in «xan^ 4 .H a nd4.1 ^ 

^^^^ 

b<ochem) After 460 hours at 4°C the mixture mS^S^**** 0 "* 50 

volumes of 20 mM sodium acetate, pH 4 0 and du™~^ P *1 8cetic at **. «*Med by additfen of 7 

PH ^O^Sf -0.02S m9AnI in 100 mM Tlfe/Ha 
«hat of the method deacribod in cxomple4G* Purt^«T ? refolded doneric active TGF-B2 is similar In 

8.0. 50 medium suICtTaLlTrnM tie^F^f!!'^*^™^ 6 in 6 ^ urea, 100 mM Trfe/HQ pH 
"sing the conditions of example 4 D ThSSnS^? ZfZ" 0 **" 15 monto *« by r£hp£ 

of the reaction, the pH JELSZt I Tj^^^^^^ 16 ^ fe "-8 ™ /W-SSEE 
a FPLC "Fast Desalting Column- HRIO/^p^^^ IT™ "? ' !?V lfonated TGF-JJ2 is desaSed^ 
^d^acth.T^^^^-^ 

N. RecydisaKon of ine mecBy folded TGF-p? 
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«J^>4^ hydrochlonde and DTT ,s added to the material not bound to the Mono S column of 

" 9 T S C ° nCentra "°" °f 6 M «"d 5 mM. respectively, and the pH b adjusted to pH 8.5 with sola 
Tns. After 1 hour at room temperature the mixture is subjected to RP-HPLC using the same column ar^soltent 
sj*tem as ,n examp.e4.D. Reduced monomencTGF-p2 Is ejected. andacatonlWe 

~^ eXamP ^ G ^ 4 Cl * ,usim P fwi "3 the totai yield of refolded active 

Generation of heterodimeric, biologically active TG F-6 

e^r^Z^^ f^f tf " 9 * *"» different dfeuMde^irtod polypeptide chains of 112 amino acids 
a^d^^f P ^^"geq^imolar amounts of the two respective monomers to refolding conditions 

TTT^l !T! mP,e 4 6 Puri,lcatton an<1 ***>" of the dimers is performed according to e^mpfesTH 
and 4.1 alk>w.n 3 the separation of the heterodimeric form from the homodlmers. P 

P. Peptide mapping and sequence determination of monomericTGF-01. TGF-p anrt Ttt-p}, resoectivetv 
TGF-P2 : 

92 ug (arnmoles) S-pyridyiethyfeted recombinant TGF-02 described in example 4.F. are dried in an vac- 
Tr^T^^^T^ " m2 ° 0 ' J5rnM HCL 200 pi 0.2 M Trfs-acatate buffer. pH^T ££££ 
xZT 9 ^ S deter9ent ( Ca,bi0cf,em Corporation. La JoBa. CA) is added Jnd rnb^e^Ttnl 
protein solution. The cleavage to carried out with 2 W (dissolved in 50 pi water) enrJoproteinasTAsp^ 
(from Pseudornonas frag, mutant. Sequence Guide. Boehringer Mannheim Ko^ermcT FHG) a t^C 
J, ^ 10 %C"v>TFA are added and the mixture is separated by f^-^onlw na^ 
^column fyydac214TP52. 2.1 x250 mm) wJth a linear gradient of 5 to 40% (v/v> aceto^rS £E£ 

L^l"™ Zf! flOW ratE ° f 01 and ^ detcction « «« The collected peataLre an£ 

ysed by plasma desorpt.on mass spectroscopy as described in example 4 S 

(Mt^irr ?L*! measured molecular mass (in Daltons. D) of the peptides In their protonated form 
(M+H*) with the calculated molecular mass allows the following identification - 



Retention 




Calculated 


Peptide Sequence 


Time (min) 




Mass M (D) 




16.1 


566.1 


564.6 


DFKR 


23.9 


1832.3 


1831.1 


NTINPEASASPCCVSQ 


25.9 


1292.5 


1291.5 


DAAYCFRNVQ 


29.0 


1307.7 


1306.6 


DNCGLRPLY 


31.2 


1320.0 


1318.5 


DTQHSRYLSLY 


3Z1 


1421.1 


1419.7 


DNCCLRPLYI 


33.0 


3132.3 


3131.5 


DTQHSRVLSLYNTINPEASASPCCVSQ 


36.9 


34253 


3424.9 


DLGWKWIHEPKGYNANTCAGACPYL 








wss 


44.5 


3739.5 


3739.5 


DLEPLTTLYYIGKTPKJEQl^NMTVKSC 



KCS 



TGF-pl ; 

3 l^^ 5 . n -^ eS L S ^ yrk,y * ethyIated recornbinant TGF -P 1 (Prepared simflarty as S-pyrWytethytated 
^ deaVGd wBl 13 »* Lys-C using thesame ptoSKtTS^ 

dfce**on of TGF-P2 except that the incubation time fe 9h and a linear gradient of 12 to 27% acetontoitefc 
90 mm ts used on a C18 column (Vydac 213TP5205, 2.1 * 50 mm). 
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Retention 




Calculated 


Time (min) 


(O) 


MassM (D) 


9.4 


810.6 


808.9 


13.2 


619.2 


617.7 


20.4 


1584.6 


1583.7 


34.9 


16133 


1611.9 


50.6 


1869.8 


1868.3 


79.8 


2875.2 


28743 




4189.1 


4189.0 


89.8 


3965.0 


3963.7 



Peptide Sequence 



WJHEPK 
DLGWK 

ALDTKY CFS 5TEK 
VEQLSNMIVRSCK 
NCCVRQLYIDFRX 

GYHAKFCLGPCPyiWSLDTQYSK 

V7.A1LYNQHNPGASAAPCCVPQALEPL 
PIVYYVGRKPK 

VLALYNQHNPGASAAPCCVPQAI^PL 
PIVYYVGRK 

TGF-03: 

20 M9 (1.46 nmoles) S-pyridyiethyiated recombinant TGF-B3 (Dreoarsd simile ^ c,^., ^ 



Retention 


. M+H+ 


Calculated 


Time (min) 


(D) 


Mass M (D) 


7.0 


1308.0 


1306.6 


8.8 


1381.0 


1379.5 


11.6 


1205.5 


1206.3 




1252.4 


1250.4 


19.4 


1421.5 


1421.5 




1551.2 


1551.9 


36.5 


3030.4 


3029.4 


39.8 


2782.6 


2781.2 


45.6 


3457.3 


3456.0 


77.9 


37265 


3725.5 


82.6 


6736.9 


6736.9 



Peptide Sequence 



ENCCVRPLY 
DTNYCFRNLE 
DTTHSTVLGLY 
DTNYCFRKL 

DTTHSTVLGLYNT 
DLEPLTILYYVGR 

DTTHSTVLGLYNTLNPEASASPC 
CVPQ 

DTN YCFRNLEENCCVRPLYI 

DLGWKWVHEPKGYYANFCSGPCPYL 
RSA 

DLEPLTILYYVGRTPKVEQLSNMV 
VKSCKCS 

DTmSTVLGLYNTLNPEASASPCC 

VPQDLEPLTILYYVGRTPKVEQL 

SNMWKSCKCS 



Q. Structural characterisation of rnonomehc TGF-B2 Saccharamyces cergvi^ 

An al^ot of *e materia, from example 4.C Is forth*, M ^HPLC as deseed in exan^e 4.D 
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at* tte N-temmd amino acid sequence is determined as described in example 4 F 
Tne ammo acid sequence is * 



5 10 15 

Ala-Leu-Asp-Aaa-Ala-Tyr-X-Phe-Arg-Asn-Val-Gln-Asp-Asn-X- 

20 25 

X-Leu-Arg-Pro-l.eu-Tyr-Ile- A sp-Phe-l. ys - Arg - Asp - Leu _ Gly . 
wherein X denotes an amino acid not positively identified. 

^rrjT^ ifi*. and 

Refolding of the monomelic TGF-R2 exoressed in Q 0 ^ em 

bio^y achVeTGF-02 * PerfomJ'aa*^^^ ° f *"* 

S. Molecular mass of dimerlc TGF-B 2 

ION 20 P«asa^^^S^^^ e ^«^f °n ntocellulose and analysed oria^O 
ses determined are Spectrometer (Applied Ecosystems. Uppsala, Sweden). The molecular mas- 

M - S ^ ono T , ° ic T6F -P2 (cateu«ated Mass M = 12719.7) 

T. Molecular mass of dimeric TGF-fi3 

4.„ Kssasssssas^a-^^,; «. «* 

4.S. The molecular mass found is : * ^ e TOF_p3 15 determined as described in example 

M = 25-434.0 (calculated Mass M = 25-427.2 assuming aD cysteins as disulfides) 
Exam ple 5 : m vitro activity test for TGF-B1, TGF-P2 and TGF-B3 
A. CeH migration and growth assay 

j E^nS aCtivi * «* TGF-0 on fibroblasts (PostJethwaite A.E. et at f 19871 

T^" • f } B Perf6fmed 38 described by Burk, R (1973) PNAS 70 369 ( * 

The cell migration promoting activity of TGF-B1, TGF-82 and TGF-B3 i* «^LLh'k _ 
of norma. Balb/c 3T3 fibroblasts which miorate over T^l^I^ 22^1^1 T^E.** 
culture of said cells in serum-free medium (Dulbecco's Mod^Eaa^ £2T rZls m0n ° layer 
TGF-p2orTGF-B3, re3 pectivery ascomMredh,*. ~ ™k JZCJ?! 9 Medium, Gibco) containing TGF-01. 
layer culture inL abse^ TG^jT ™mberof fibroblast, which migrete into a wounded moL 

cel. ^^ZS^^^^ LTv^ 2 ^ TeF -f fe dSte ™ d * «<* — — X effect on 

uptake in culture^/* SenL 5 t£'-P * """^ '° ^^^^ 

20 



EP 0 433 225 A1 



is 
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rn these dose response experiments concentrations of the completely purified TGF-B1 TGF-B2 and TGF- 

ef^Tof^^T"? I" to10D0 ^^ of culture medium are s^ierrt lo 

elicit 50% of Hie maximal migration and growth promoting response. 

B. Cell growth inhibition assay 

The cotorirr^Wcal assay is based on the inhibitory effect of TGF-p on the growth of human A 375 melanoma 

L\f? » bottomed 98 - wen tBEUO P'ates (Falcon) containing RPMM640 medium (Gibeo) and 5% 

fcetal catf Contro. wefls receivemedium alone. 1.5* 10* A375 melanoma celfe are ««5to«S ISf 
^ ,!5.K 0Ur !.:^ Ubat,On Perfed at37 * Cln5% the cell monolayers are washed once. fuTd^d 

wfm^^^ ^ 15 T. 1 * 3 : U " bOUnd S,3in b Wash8d 0ut intens ^'y- The stained SyS 
with 33% acetic aad to release the stain (which Is confined to the ceO nuclei) and the OD was measuredat 
590 nm w,th a Channel Photometer equipped with an Olivetti M 24 PC to cal^th^cS o 

^S^ZET^?*? ^!, intenSity * steini "9 tn each well is direct* reteted to the number « nSXi2 

Example 6 : In vivo activity tests for refolded TGF-pl . TGF-02 and TGF-B3 
A. Heanng of Partial-Thickness Wounds in Old Mice 

25 * r J?iL' m ??V d hea " n ° P racBsses become impaired with advancing age (Grove. G.L (19821 

Ar^Den^tDtRes^rSa^and therefore represem rr^M problems in the field oTger^c^ic^e T^ 

of refolded active dimeric TGF-p S on the hJLino of 
<fo ™l by s tf 5nd desree bumi "8) are investigated in a partially deficient or impaired woumln^afr 

4SD ^t^ I ^ e T n l^ e T l ^li UrieS made °" 0,6 thorax of anaesthetized old C57/BL6 mice (aged 
450 days or more) whose backs have been previously shaved and depHiteted with a commercial create 
a l^r OVer - ^ 3 Sin9le 10 second appHcatlon of a brass tanptate (1 * 1 Tcm. 8 gm) whichhesoeen e^uS£rf 
3 J—* ™* blister is surgical* removed^ tnTburT 

ss wrth a topical applicator, of 25 (J sterile vehicle buffer solution (consisting of 0.8% w/v HydroxyproU^lluW 
Sr^n^^r'^ NaC '- PH ™> -riot amount* " «S 

IS?™ ^ TG I"* f0rln - ^ Wilh bufref SOluti0n aIone - or are ,eft ^eated^i topically app^ 

r^ten^s are sterBe endotrmrvfree and pyrogen-free. and all mice are individually caged for the durafcnof 
the experiment Each experimental group consists of 5 animals. Duration of 

^f^l «*'»■»'"••* «ith TGF-p. the mice are anaesthetized, the blisters (If present) are surgically 
aToT^edT^f T 8 ' ^ bUmS ^ P**»*»P"-. Aroas of bums that have re^encl^eSm 
Z^TZTS? IT? """spa™ 1 over ^ Projector film and the perceriage of J^S 

bum area that has heated <s calculated by planimetry. Results are also compared with the epithelial 

- r,L^nTr^ 
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Group 


Animals 


TGF-P2 dose per 
incision (ng) 


%age of original bum 
area healed on day 6 


5 


1 


Old 


500 


59±8 




2 


Old 


100 


55±6 


10 


3 


Old 


10 


46±7 




4 


Old 


Buffer Only 


10±9 




5 


Old 


Untreated 


16±6 


15 


6 


Young 


Untreated 


66±9 



regeneration in parHal-mfckness wounds on Z Z^nT*^*^^* ^ acCe,erates ^'^^ 
20 -tr-veWdebufferor^oruntrea^^ 

enough to successfully re-epithelializ* their wounds "the^et^f Y ^. m, ,f ^ «™Petent 
Histological ana^s reveal the extent of t^ZZZ ^^-^7^ ^ ^ (GroUp 6 >" 
keratosis of the regenerated epidermis on Day 8 InHie T^^^T^ * 

* 5 B- Healing of FuB-Trticknass Wounds in Adult Rat* 

The biological effects of refolded active dimeric TRP n<= =r= -j- • 
woundrepafr, namely on Irmhealinoor M^S^3™£fc 3 Second model of 

the following protocol simflar to the'one ^^Tty^^^J^T^ '^"'^ ^ 

So Single, fun-thickness 5 cm long linear ^1^;*— ,1987) **L- 13 33. 

«he corsa. mHrne of pentobarbitone ^afs het^o^Te^^^^ ™<™°"**> of 
viously shaved and depflitated with a commer^l«Z!h T (300-350 g) whose backs have been pro- 
of the, eft inc^V y^l^Z^T^Z^T"^ 9^ 
of a sterile vehicle buffer (existing of O.^wTh ^S^EZ^T"? S, " 9le W^Son* (100 „!) 

35 mM Nad, pH 7.4) contain^, variol amoul £ SwX'SSr T^ 10 ^ HWWh «- "° 
form. Edges of the contralateral right side incisions re~£*~Z ^ ™ > °' ded aclive TGF-p 
(Bovine Serum Albumin) in .hesaTdve^e^^^^^. 3 ^rnountsofa placebo corrtro, 
fer alone in the .eft side incisions and no treatmTm"n ^2^^ anima,s «e«ive vehicle hrf. 

^^yap^ed.mterfalsarestenX^ 

» * 5 evenly pteced. interrupted horfeontal mat£e^ X^^K^^ 

and the wounds are left to heal for varying periods upTo S L^i™ ^ an " TBlS «■»>«■** 
the entire dorsal skin is removed fr^eaTa^and Ts^T P«* After sacrifice 

underside of each of the skins using a surgS SLTa It dfesected th ° 

mm distance between blades) Is men ^toeSUbi^^fi^l ^ paraD * 1 "ades (8 

£ measuremente. Samp,** JHa k L tTel £^ sutures on each Incision) fortensie 

maximum toad tolerated by each exefced skin saZe is mslS^'^ ^hfetoJooJcal analysis. The 
Model 144501 (Zwick, Ulm, FRG) Measurements a™ Universal TBns "» Strength Machine 
hy^ncc^p^the^ 

•fed on a chart recorder. Meas^emerr^ rrX In 1 ° ™ per m.nrfe, with the maximum load recm- 

> groups consisted of 4 animaT^^ ^nj! feCSrerZ'" *T ^ W ° Un<l and «*e*nen ta | 
or excessive haernorrhaging (less 2%^^ °" W ° Umte Sh0win « <* ^ecUon 

v^Si^^SS^ ^ T GF-p2 is shown in the lowing table 
Seated we.nds^a,^^^ 
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Group TFG-P2 dose per Ratio of Tensile Strength 
incision Oig) TGF-0: Placebo Treatment at 



Dav 7 



1 


2.00 


2 


1.00 


3 


0.10 


4 


0.01 


5 


None* 



1.9:1 
1.8 : 1 
1.4 ; 1 
1.2: 1 
1.0: 1 

(* ratio of vehicle buffer only v no treatment) 



Dav 14 


Dav 21 


1.7: 1 


1.4: 1 


1.4:1 


1.3:1 


1.3: 1 


1.2: 1 


1.1 : 1 


1.0: 1 


L0 : I 


1.0: 1 



Ibid, and accelerates me healing, of ^ °" h3nces breaking strength up to 2 

ove, a 21 day Ume period (G roU ™ n ^™^* ^ rat, in a dose deperK^faahion 
yses reveal the marked Increase Mux o^or^^lT^f the control group (Group 5). Historical anal- 
ted wounds over the 21 da y ^r^^^^^ n ^'^J^ ro l feiS,8 C ° Ba 9 en Portion in TCF-p-trea- 
>» TGF-^-treated wounds up to 14 dl« ns * £nt r.ypertc erat os,s te atso 



in TRT.ili«^ " ' ~ ™» «Mnpaieo to control 1 

■n TGF-^-treated wounds up to 14 days after the treatment 

c - Wound Chamber Implant Mod* 8n Rate 



The biological effects of refolded active dimarir; TRto. „ , , 
wound repair, namely on the ^U^^ZS^^^l^f ,nv ? fi9ated h 3 ** * vivo mode, of 
and around porous chamber implants kM^S^^Z '7^° * fibrous granulation tissue in 
M.B. etau (1 98 3) Science 219Vl^ ' °" 8 P^ 0001 similar to ^ one described by Spom 

<*«^ 10 and 1 2 mm respective*; 
each end with « removable cap of Ln^^Zi Z ^s^^^^^ 1 a ^ 
n symmetrical fashion, through email incisions to irTSiSLI?^ surg-caBy inserted sub^rtaneoudy, 
la. r ra* (35CM0O g). One gaisteraizTl^uet^ 

with single surgical clips (Clay-Adams Auto-cS mZXfj^ ^ indsIonfi closed 

surgical insertion the chamber^ become e^n^L^n^ r6mOVed 5 da V s *t«r surgery. Following 
absence of cefls within the chambeTthe^^ t^^^ 

within each chamber where various para^e«of a Z h , 3 ^ and endosed 

used for experimentation 14 days after ^n^„ 7^ TT C8B { ' uan8tated - Aftoab are 

At this time dafly injections^ 100 SZS^S!^^ ^ ^ ** "* incision - 
cenulose in a solution of 10 mM Htafldine Zo > Z N^fZ^ ^ ^^"9 of 0.5% wAr Hydroxypropyl 
0-01 ug) of a refolded, active dimeric TGMfmrnam ■ ' P"/-*) ewitamina various amounts (1 pg. o W 
^.dorsal side upmost). SS^S^^^SSIS * 

(Bovine Serum Albumin) in the said vehidebuffar TrZZl^ ^ 9 eqUaJ amounte of a P^bo control 
chambers whereas right side chambers rt^ u^tr^ EE ^ 

Oroups consist of 5 animate, m/ections are rrj e ^ v fo ^^" " f , U ' e e ^ erimefrt - Experimental 
enaotoxJn-sree and pyrogen-free. Afl an!rna^ ir^t,^ I^h " a ".. ,njected —« «* are sterile, 
sacrificed 24 fir after the last series of ir^atoZ ct^LZ^ ofthe experiment and are 

technique, and the fibrous tissue from hSte^S^ ?T ^T° Ved from each by aseptic 

chambern^estirnatedus^ serous proSnlnL 

tesue removed from inside and outside each ^^tl Zt l J'^ — : ^ S*"^ of fibrous 

chamber contents fe checked by incubabo^of cSeXkt^Tu a ^^s. Steriity of the 

at 37-C. Measurements are not made on ^11! "7 °" bra " Vheart Plates for 72 hr 

of aB chambers). chambers showmg evrfence of infection or rejection (less than 3% 
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chambers (left v right) from each group of animals. 



Group 

I 
2 
3 
4 



7^P~^ 2 dosc fcato of protein in matched 

left chamber (Jig) chambers (left : right) 



1.00 
0.10 
0.01 
None* 



Fibrous Tlssne 
3.0:1 
2.5:1 
2.1 : I 
IJ): 1 



Serous Protein 
1.5:1 
1.4: 1 
13 : 1 
1.0:1 



'ratio of vehicle buffer only v no treatment 



„ re ^ ,tS * * e protein meastjremerts shown in the above table demonstrate that local injection of refbl- 

^ imEnCTGF " P2 d38y forS dayS in a suffeble vehicle buffer enhances, up to 3 fold iSSSSbi 
fraJate^l chambers which have received corresponding equal amounts of a placebo prote^ A srSfdot^ 
wSZtT^^Z^ am °"" tofse ^ «n in UMM chambers is also observed fdlZjte 

On postmortem biopsy of animals in Groups 1^ it is consitentfy observed that the left-sided TGF-n-fr^^ 

SS^^^E"* 0- to % r oundin9 S E^SXSSSS 

nght-sHed chambers that have received placebo Injections. Furthermore, histological analyses show ftat th« 

than that of the bssue surround^ the placebo-treated chamber*. Sheets of migrating fitooWaJand 
^dearCBOsare ateoevHant within ft. fibrous .issue inside TGF-fWreated crJrnb^o^pSc^Z^ 
are observed m either the thickness or vascularity of the fibrous tissue surrounding the cten^rl norTZ 
degree of attachnwUof chambers to tneconnecUve &sueo f th* body wa« in the c<,rU 9 ro^^p 4) ^ 
^Trf^T Jll^ dmUS> ° n ° fTGF -P to «*«*«■ is responsible for the <CS£S 

^ If chambers, whereas contralateral placebo-treated chamber fluid shows a predominance 

of pofymorpr^r^dearleukocytes. Tha contents of all 40 chambers in Groups 1-* shownTt^ SSEE 
found to be steriie after incubating samp.es of the chamber contents on brain/heart Mu^TtT^wc 
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30 



40 



Example 7: Pharmaceutical cnmpfKi'h'nn 

A- Crcani 

Ingredients: 

oorouan monostearaie 2 q 

Polyoxyctfaylene sorbitan monostcarate 3 0 

Cctyl alcohol 

Light liquid paraffin 

Isopropyl rnyristaie 



5,0 
8-0 
2.0 



Active substance, TGF-p-Iike protein 2 _ 0 . 10 -5 

Propylene glycol 
Glycerin 
Dcionised water 

Preservatives and other stabilizers 



2.0 
2.0 
76.0 
q-S. 



B. Ointment 
Ingredients: 

Sorbkan trioleate < v / v) 



5.0 

10.0 
3.0 



Wax, microcrystalline 
Light liquid paraffin 
Isopropyl myristate 
Lanolin alcohols 



Active substance, TGF-p-Iike protein j Q - 5 
Propylene glycol 

<~i - 2.0 

Glycenn 2.0 

Magnesinm sulphate, hydrous 0 7 

Dcionised water 65 3 

Preservatives 
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C Parenteral Solution 
Ingredients: 

Active Substance, TGF-g-Iike protein 
± Human Serum Albumin 
Argznine or Glycine 
± Carbohydrate 
pH 



0.05 mg/ml 
1 mg/ml 
20 mg/ml 
5-20 mg/ml 
7 



V,als with 0.05 mg TGF-p-Jike protein/0.5 ml are made and lyopfZeT 
Deposition of microorganisms 

The following microorganisms were deposited at the d^ii^k* q_ . 

Mascheroder Weg 1 b. D-3300 Brauns^weT^G? S™mlun fl von Mikroorgarrfsrnen (DSM), 
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microorganisina s 
£>co!i LC 1 37/pPLMuJiTGF-p 1 
E-coK LC !37iiiPLMuJiTGF-P2 
E- coli LC 1 37/pFLMuJiTGF-p3 
Saccharornvces ccrevisiae GRF 18 



deposition date 
November 284 989 
November 28,1989 
November 28,1989 
March 4, 1986 



accession number 
DSM 5656 
DSM 5£57 
DSM 5658 
DSM 3665 



SEQ ID No. 1 

Sequence Type : Nucleotide with corresponding polypeptide 
Sequence Length : 339 base pairs 
Stranded ness : double 
Topology ; linear 
Source ; human cDNA 

^diate experimental source : E. coli LC 137/ P PLMu.bTGF-p1 (DSM 5656) 
Fsslures : from 1 to 336 coding region for TGF-pi ' 
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GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG AAG 39 
Ala Leu Asp Tnr Asn Tyzr Cys Phe Ser Ser Tlir Glu Lys 
5 10 

AAC TGC TGC GTG CGG CAG CTG TAG ATT GAC TTC CGC AAG 7 8 

Asn Cys Cys Val Arg Gin Leu Tyr lie Asp Phe Arg Lys 
15 20 25 

GAC CTC GGC TGG AAG TGG ATC CAC GAG CCC AAG GGC TAG 117 
Asp Leu Gly Trp Lys Trp lie His Glu Pro Lys Gly Tyr 
30 35 

CAT GCC AAC TTC TGC CTC GGG CCC TGC CCC TAC ATT TGG 156 

an ASn PhC ° VS lj&u Gly Pro Cys Pro Ile Tr P 

40 45 5 q 

AGC CTG GAC ACG CAG TAC AGC AAG GTC CTG GCC CTG TAC 195 
Ser Leu Asp Thr Gin Tyr Ser Lys Val Leu Ala Leu Tyr 
55 50 65 

AAC CAG CAT AAC CCG GGC GCC TCG GCG GCG CCG TGC TGC 234 
Asn Gin His Asn Pro Gly Ala Ser Ala Ala Pro Cys Cys 
70 75 

GTG CCG CAG GCG CTG GAG CCG CTG CCC ATC GTG TAC TAC 273 
Val Pro Gin Ala Leu Glu Pro Leu Pro Ile Val Tyr Tyr 
80 85 go- 

SI? ? GC AAG CCC AAG GTG GAG CAG CTG TCC AAC ATG 312 

Val Gly Arg Lys Pro Lys Val Glu Gin Leu Ser Asn Met 

ATC GTG CGC TCC TGC AAG TGC AGC TGA „ Q 
Ile Val Arg Ser Cys Lys Cys Ser 
105 lin 



SEQ ID No. 2 

Sequence Type : Nucleotide with corresponding polypeptide 
Sequence Length : 339 base pairs 
Stranded ness : double 
Topology : linear 
Source : human cDMA 

Immediate experimental source : EL coii LC 137/pPLMu.hTGF-p2 (DSM 5657) 
Features : from 1 to 336 coding region for TGF-02 



SO 
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GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 39 

Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gin Asp 

5 10 

5 AAT TGC TGC CTA CGT CCA CTT TAC ATT GAT TTC AAG AGG 78 

Asn Cys Cys Leu Arg Pro Leu Tyr lie Asp Phe Lys Axg 
15 20 25 



GAT CTA GGG TGG AAA TGG ATA CAC GAA CCC AAA GGG TAC 117 
Asp Leu Gly Trp Ly3 Trp Tie His Glu Pro Lys Gly Tyr 
30 35 

AAT GCC AAC TTC TGT GCT GGA GCA TGC CCG TAT TTA TGG 156 
Asn Ala Asn Phe Cys Ala Gly Ala Cys Pro Tyr Leu Trp 
15 40 45 50 



AGT TCA GAC ACT CAG CAC AGC AGG GTC CTG AGC TTA TAT 195 
Ser Ser Asp Thr Gin His Ser Arg Val Leu Ser. Leu Tyr 
55 60 65 



AAT ACC ATA AAT CCA GAA GCA TCT GCT TCT CCT TGC TGC 234 
Asn Tfcir lie Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys 
70 75 

GTG TCC CAA GAT TTA GAA CCT CTA ACC ATT CTC TAC TAC 273 
Val Ser Gin Asp Leu Glu Pro Leu Tnr lie Leu Tyr Tyr 
80 85 90 

ATT GGC AAA AGA CCC AAG ATT GAA CAG CTT TCT AAT ATG 312 
lie Gly Lys Thr Pro Lys lie Glu Gin Leu Ser Asn Met 
95 100 



35 

ATT GTA AAG TCT TGC AAA TGC AGC TAA 339 

lie Val Lys Ser Cys Lys Cys Ser 
105 no 



40 SEQ ID No. 3 

Sequence Type : Nucleotide with corresponding polypeptide 

Sequence Length : 339 base pairs 

Stranded ness : double 

Topology : linear 
45 Source : human cDNA 

Immediate experimental source : E. coli LC 137/pPLMu.hTGF-03 (DSM 5658) 

Features : from 1 to 338 coding region for TGF-03 



50 



55 



28 



EP 0 433 22S A1 



GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 39 
Ala Leu Asp Thr Aan Tyr Cys Phc ir 3 Asn Leu Glu Glu 
5 10 

AAC TGC TGT GTG CGC CCC CTC TAC ATT GAC TTC CGA CAG 78 
Asn cys Cys Val Arg Pro Leu Tyr He Asp Phe Arg ctn 
15 20 25 

GAT CTG GGC TGG AAG TGG GTC CAT GAA CCT AAG GGC TAC 117 
Asp Leu Gly Trp Lys Trp Val His Glu Pro Lys Gly Tyr 

Zvl £?f f C I TC £ GC TCA GGC CCT TGC CCA TAC CTC CGC 156 
Tyr Ala Asn Pae Cys Ser Gly Pro Cys Pro Tyr Leu Arg 

AGT GCA GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG TAC 195 
Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu Tyr 
55 60 65 

AAC ACT CTG AAC CCT GAA GCA TCT-GCC TCG CCT TGC TGC 234 
Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys 
70 75 

v*? ^ ?™ S 00 CTG ACC ATC CXG TAC TAT 273 

Cyr 
90 



^7 o XT . CTG ACC ATC CTG TAC TAT 

80 ^ GlU P 85 LCU Tb:C Ile LeU T ^ 



GTT GGG AGG ACC CCC AAA GTG GAG CAG CTC TCC AAC ATG 312 
Val Gly Arg Thr Pro Lys Val Glu Gin Leu Ser Asn Met 
35 100 



GTG GTG AAG TCT TGT AAA TGT AGC TGA 
Val Val Lys Ser Cys Lys Cys Ser 
105 110 



339 



Claims 

1. Proceoa for the production of a dimaric, bi ologically active Transforming Growth Factor type ft (TFG-RVJikf* 

esessz- compifein9 *• a ^ — *™ - ^ssks 

2. Process according to claim 1 in which the refolding conditions include a solubUizing agent 

3- Process according to claim 2 in which the soiubDizing agent is selected from the group consisting of a mild 
detergent, an organic, wtfmnteUe solvent or a phospholipid, or a mixture of lo £3tu^nfe 

4. Pr«^ according to daim 1 in which the monomeric form of said TGF-0-Gke protein Is produced by the 

(a) culturing a microbial host comprising a nucleotide sequence encoding the TGF-ft-lfce protein linked 
to* P«l«r readmg frame to an expression controf sequence such that said protein is e^ressea 
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(b) recovering the TGF-£-tike protein in a denatured, monomerlc, soluble form. 

5 * r^!^ < ^^V^l^^ 1 " thQ MnonMlrte TGF-p-like protein fe present as an insoluble aggre- 
gate m the microbial host cells and wherein the process further comprises the steps of • 

(a) isolating the water-Insoluble protein fraction containing the TGF-fWike protein from the host cefls 
and 

(b) solubflizing the TGF-p-lfce protein. 

€. Process according to claim 4 in which the microbial host is a yeast or a bacterium. 

7. Process according to claim 4 in which the nucleotide sequence encodes a protein selected from the group 
consisting of human TGF-p1, TGF-02 and TGF-03. 

8 " ^^^f-T^' 1 " 9 to da ' tm 5fnwhfchthe taolubte aggregate is sol lib Sired at a P H of about 1 to about 4 
and m which the resulting monomer of the TGF-fHske protein is purified by chromatography. 

9 ' P ^!f x f CCQrir,n9 tD d3im 9 in whfeh me ?n «o^We form of the TGF-f5-fike protein is sorubilized at a pH of 

10. Process according to daim 5 in which the insolubie aggregate is solubflized with a chaotropic agent. 

11. Process according to claim 10 in which -urea or guanidine-HCl is used as chaotrop. 

12. Process according to claim 1 1 in which the chaotrop has a concentration of about 4 to about 9 M. 

13. Process according to claim 10 in which a detergent Is used as chaotrop. 

14 ' aCCcr ^"S £ *ta 2 in which the monomer is subjected to refolding condition comprising a low 

n^eaular we,ght sufhydryt/dfsulfide redox system In the presence of a solubilizing agent at a^orabou^ 
e to about 1 0 and a temperature of about 0°C to about 37°C. 

15. Process according to claim 14 in which the sufhydryl/disuffide redox system is selected from the group con- 

sisbng of glutathione in its oxidized and reduced form, dfthiothreitol in Its oxidized and reduced form B- 

ir^captoethanol in its oxidized and reduced form, cystine and its reduced form, and cystamine and its 

^ l° rta al a w »^»^^n of about 1 to 100 mM, wherem the molar ratio of the oxWfeed and the 
reduced form is between 100 : 1 and 1 ; 100. 

16. Process according to claim 14 in which the sulfhydryl/cfeulfide redox system is glutathione in Its oxidized 
and reduced form at a concentration of about 1 to 10 mM, wherein the molar ratio of the oxidized and the 
reduced form is between 6 : 1 and 1 : 6. ' 

17 * f^*™ 9 to Claim 14 In whk * >° w rnolecular weight sUmydryl/disulfide redox system is rep- 

laced by thjoredoxm or disulfjdeisomerase at a concentration of about 10 to 1000 ugAnh 

18 " | Pr ^f *™>*to9 to claim 17 in which the few molecular weight suifhydryl/disulfide redox system cs rep- 
laced by thioredoxm at a concentration of about 50 to 200 ug/ml. 

10- Process according to clanm 3 in which the solubilizing agent is a mild detergent 

20, Process according to daim 1 9 in which the mad detergent is a non-ionic, an ionic or a zwittertonic detergent. 

^ !l "f 6 * 5 acoordin9 to daEm 19 ir? ***** the detergent selected from the group consisting of sutfobetames 
^chtolarm'dopropyOdimeu^lajTTmoiiio^ 

hydroxy-1-propanesuJfonate. digitonin, chelate and deoxycholate ata concentration of about 1 to 1 00 mM. 

22. Process according to daim 19 in which the detergent is ^^o^mUto^py^iateih^mnmonM. 
propanesutfonate at a concentration of about 30 mM to 60 mM. 
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23. Process according to daim 3 in which the sofubflizing agent is an organic, water-miscible solvent 

24. Process according to claim 23 in which the organic, water-miscible solvent Is acetnnBrfe, a lower alkanot, 
or a tower alkandtoJ, at q concentration of about 10 to 50% per volume. 

25. Process according to daim 3 in which the solubilizing agent is a phospholipid. 

26. Process according to claim 25 in which the phosphofipid is selected from the group consisting of phosphati- 
dylethanolamine, phosphatidylcholine, phosphauoylserine and phosphatidylinosStole at a concentration 
range of 0.1 to 5 mg/ML 

27. Process according to claim 14 in which the pH is about 8.0 and the temperature is about 4°C. 

28. Process according to daim 14 in which the refolding conditions additionally comprise metal ions at a con- 
centration of about 0.01 to 100 |iM. 

29. Process according to claim 28 in which the metal tons are Cu 2 * or Fe**\ 

30. Process according to claim 14 in which additionally O2 is bubbled through the buffer system. 

31. Process according to claim 14 in which the sulfhydryt/disulfide redox system is glutathione £n its oxidized 
and reduced form at a concentration of about 1 to lOmM, wherein the molar ratio of the oxidized and the 
reduced form is 1 : 1 to 1 : 2, and in which the stabilizing agent is 3^3^lo!amidopropyl)dimBthylammofiio- 
1 -propanesulfonate at a concentration of about 30 mW to 50 mM. 

32. Process according to claim 1 in which the dim eric protein obtained is purified by chromatography. 

33. Dimeric, biologically active TGF-pMike protein whenever produced by the process of claim 1. 

34. A monomelic, S-sutfonated TGF-p-IIke protein. 

35. The use of a monomeric, Sulfonated TGF-p-like protein for the production of a dimeric, biologically active 
TGF-p-l&e protein. 

3€. A pharmaceutical composition comprising an effective amount of a dimeric, biologically active TGF-pMBce 
protein produced by the process of claim 1 . 

37. Theuse of a dimeric, biologically active TGF-pMike protein in suitable amounts and in a suitably acceptable 
pharmaceutical formulation, said protein produced by the process of claim 1, for the production of a phar- 
maceutical preparation for the treatment of wounds and in bone and tissue repair or as a bone marrow pro- 
tective agent or mediator of cardio- protection or for the treatment of cancer in a mammal, or for the 
production of an anti-inflammatory or immunosuppressive preparation. 

Claims for the following Contracting States : ES, GR 

1- Process for the production of a dimeric, biologically active Transforming Growth Factor type p (TFG-p*)-tike 
protein or a salt thereof, comprising subjecting the denatured monomeric form of said TGF-JMUce protein 
to refolding conditions. 

2. Process according to claim 1 in which the refolding conditions include a soJubflizing agent 

3. Process according to daim 2 in which the solubilizing agent is selected from the group consisting of a mfld 
detergent an organic, watewnisciUe solvent or a phospholipid, or a mixture of two or more such agents. 

4. Process according to claim 1 in which the monomeric form of said TGF-p-fike protein is produced bv the 
steps of : J 

(a) cuthiring a microbial host comprising a nucleotide sequence encoding the TGF-0-Jike protein linked 
in the proper reading frame to an expression control sequence such mat said protein is expressed, 

31 



EP D 433 225 A1 



(b) recovering the TGF-p-like protein in a denatured, monomelic, soluble form. 

5. Process according to claim 4 wherein the monomeric TGF-p-like protein is present as an insoluble aggre- 
gate tn the microbial host cells and wherein the process further comprises the steps of : 

(a) isolating the water-insoluble protein fraction containing the TGF-fWBce protein from the host cells 
and 

fb) soSubafeing the TGF-JHike protein. 

6. Process according to claim 4 in which the microbial host is a yeast or a bacterium. 

7. Process according fc> claim 4 in which the nucleotide sequence encodes a protein selected from the group 
consisting of human TGF-£1, TGF-02 and TGF-p3. 

8. Process aocordlrtg to claim 5 In which the Insoluble aggregate (a aolubilized at a pH of about 1 to about 4 
and in which the resulting monomer of the TGF-p-tike protein is purified by chromatography. 

9. Process according to claim 8 in which the insoluble form of the TGF-p-Cke protein is sotubOized at a pH of 
about 2.5. 

10. Process according to claim 5 in which the insoluble aggregate is solubilized with a chao tropic agent 

11. Process according to claim 10 in which urea or guankiine — MCI is used as chaotrop. 

12. Process according to claim 11 in which the chaotrop has a concentration of about 4 to about 9 M. 

13. Process according to daim 10 in which a detergent is used as chaotrop. 

14. Process according to claim 2 in which the monomer is subjected to refolding condition comprising a low 
molecular weight sulfhydryl/disuJflde redox system in the presence of a solubiliiing agent at a pH of about 
6 to about 10 and a temperature of about 0°C to about 37°C. 

15. Process according to claim 14 in which the suimydryt/dtsutftde redox system is selected from the group 
consisting of glutathione in its oxidized and reduced form, dithtothreitol in its oxidized and reduced form, 
p-mercaptoethanol in its oxidized and reduced form, cystine and its reduced form, and cystamme and its 
reduced farm at a concentration of about 1 to 100 mM, wherein the molar ratio of the oxidized and the 
reduced form is between 1 00 ; 1 and 1 : 100. 

16. Process according to claim 14 in which the sutfhydryl/disurfide redox system is glutathione in its oxidized 
and reduced form at a concentration of about 1 to 10 mM, wherein the molar ratio of the oxidized and the 
reduced form is between 6 : 1 and 1 : 6. 

17. Process according to claim 14 in which the low molecular weight sutfhydryl/disulfide redox system Is rep- 
laced by thioredoxin or disulffdetsomerase at a concentration of about 10 to 1000 pg/mt. 

18. Process according to claim 17 in which the low molecular weight sulfhydryi/disutfide redox system is rep- 
laced by thioredoxin at a concentration of about 50 to 200 ug/mL 

19. Process according to claim 3 In which the sotubilizlng agent Is a mfld detergent 

20. Process according to claim 19 in which the mild detergent Is a non-ionic, an ionic orazwrnerionic detergent. 

21. Process according to daim 1 9 in which the detergent is selected from the group consisting of sutfobetaines, 
^S^hlolcimldopropyljdlmethytammonk^l-propanesulfonate, 3^3-<^olamkJopropyf)dIiriethylanin^mo-2- 
hydrnxy-1-propanesulfbnate, digitonin, chelate and deoxycholate at a concentration of about 1 to 100 mM. 

22. Process according to daim 19 tn which the detergent is 3-<3-chloIamfdo propyJ)-d Imettiytammonio-1 - 
props nesutfonate at a concentration of about 30 mM to 60 mM. 
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23. Process according to claim 3 in which the sofubCfelng agent is an organic, waier-miscible solvent 

24. Process according to claim 23 in which the organic, water-miscible solvent is acetonitr3e, a lower alkanot, 
* or a lower alKandlcd, at a concentration or about 10 to 50% per volume. 

25. Process according to claim 3 In which the sotubifizing agent is a phospholipidL 

26. Process according to claim 25 in which the phospholipid is selected from the group consisting of phosphati- 
dytethandamine, phosphaBdylcrioline, phosphatidylserine and phosphalidylinositole at a concefrtragon 
range of 0.1 to S mg/ml. 

27. Process according to clakn 14 in which the pH is about 8.0 and the temperature is about 4°C. 

28. Process according to claim 14 in which the refolding conditions additionally comprise metal ions at a con- 
centration of about 0.01 to 100 jiM. 

29. Process according to claim 28 in which the metal ions are Cu 2 * or Fe 3 *. 

30. Process according to claim 14 in which additionally Oj is bubbled through the buffer system. 

31. Process according to daim 14 in which the sulfhydryl/disulfide redox system Is glutathione in its oxidized 
and reduced form at a concentration of about 1 to 10 mM, wherein the molar ratio of the oxidized and the 
reduced form is 1 :1to1 : 2, and in which the solubiilzing agent is 3K3^hlotemidop>mpy|)dimethylajnmonio- 
1-propanesuIfbnate at a concentration of about 30 mM to 60 mM. 

32. Process according to claim 1 tn which the dimerfc protein obtained is purified by chromatography. 
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